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EP 0 689 260 B1 

Description 

FIELD OF THE INVENTION 

s [0001] The invention relates to rechargeable electrochemical alkali-metal cells such as rechargeable lithium batter- 
ies. 

BACKGROUND OF THE INVENTION 



w [0002] Various non-aqueous alkali-metal electrochemical cells such as lithium cells are known in the art Lithium 
cells, such as the one described in US Patent 4,828,834 to Nagaura et al. typically comprise a highly electroactive 
anode in the from of metallic lithium, a lithium salt dissolved in one or more organic solvents as the electrolyte an 
electrochemical^ active cathode, which may be a chalogenide of a transition metal or a metal oxide and a semiper- 
meable separator placed between the anode and the cathode. The separator acts as a mechanical ^barrier against 

*5 short-circuiting. 9 

[0003] One drawback of lithium cells is that since metallic lithium is a highly reactive metal, it readily reacts with water 
vapor in air, and thus, lithium anodes must be manufactured in an entirely dry atmosphere. 

[0004] Another drawback of lithium cells is the formation of lithium dendrites during the chargeflischarge cycle 
Lithium dendrites react with the electrolyte to form electrochemically non-active species which do not participate in 
subsequent charge/discharge cycles. This leads to lower discharge efficiency. Further, lithium dendrites can bridge the 
gap between the cathode and the anode and therefore cause cell failure via internal shorKtrcuiting 
[0005] One way which partially overcomes low cell efficiency resulting from lithium dendrites formation is to resort a 
large excess of lithium in the cell, typically a fourfold excess. Lithium excess in the cell increases the thickness of the 
anode which is typically 1 50 - 200 microns in an AA size cell. As there exists a correlation between overall anode area 
and attainable power of the cell, the comparatively thick metallic lithium leads to a relatively low surface area and 
therefore to relatively low power density for the charge and for the discharge cycle. In addition, lithium excess in the 
cell reduces overall cell capacity, the larger lithium quantity is inherently more dangerous, and as lithium is compara- 
tively expensive, cell cost is increased. 

[0006] One approach to decrease dendrite formation is mechanical packaging under high pressure described in US 
Patent 4,902,589 to Dahn et al. A different approach is to charge the cell at relatively low current density, typically 0 3 
mA/cm 2 , which results in long charging times. 

[0007] A different type of rechargeable lithium cells such as the one described in PCT Application PCT/CA90/001 27 
to Fong et al. include an anode comprising a suitable carbon form, such as coke or graphite, intercalated with lithium 
ions to form L^ C 6 , where x is lower than 1. 

[0008] A drawback of lithium cells based on anodes made of lithium intercalated with carbon is that the maximum 
capacity derivable from such a cell is about 377 mAh/g which is considerably lower than the theoretical value of 3860 
mAh/g for pure lithium metal. AA cells with a graphite intercalated anode such as the one described in US Patent 
4,423, 1 25 to Samar have a maximum capacity of the order of 500 mAh compared with 700 mAh for a cell with a lithium 
anode. 

40 [0009] G B-A-2243566 describes a porous lithium electrode for a battery which includes a negative electrode of lithium 
metal or lithium alloy, a positive electrode and an electrolyte. The lithium metal or lithium alloy of the negative electrode 
has a bulk density no greater than 75% that of standard lithium and no less than 25% that of standard lithium, whereby 
the effective surface area of lithium metal or lithium alloy exposed to the electrolyte is increased 
[0010] DE-A-2834485 discloses a rechargeable cell which in the charged state has a lithium^containing anode a 

45 solid cathode and an anhydrous organic electrolyte containing a lithium-containing salt. The lithium is incorporated in 
a light metal which forms the anode by electrochemical alloying. 

[0011] WO-A-91/14025 discloses a process for the electrodeposition of lithium which comprises plating on to a pri- 
mary cathode in a bath of lithium ions in solution with an organic solvent and using a supplementary cathode to neu- 
tralise by-products detrimental to the process. Lithium chloride and lithium hexafluoroarsenate may be used to orovide 
so the lithium ions. 

[0012] It is an object of the present invention to provide an improved rechargeable electrochemical cell There is 
thus provided according to one aspect of the invention a rechargeable electrochemical cell comprising a first electrode 
capable of reversibly incorporating a layer of an alkali metal on a surface thereof; a second electrode capable of re- 
versibly incorporating therein alkali metal ions; and an electrolyte in contact with and separating the first and second 
ss electrodes, characterised in that the cell is in an uncharged state and the first electrode is made of copper, nickel 
stainless steel or an electron conducting polymer, or is made of a metal coated with copper, nickel, stainless steel' 
chromium or gold and in that in use a layer of the alkali metal is plated on the surface of the first electrode during 
charging, whereby the internal pressure in the cell is increased such that alkali metal dendrite formation is reduced 
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atatt* free from an alkali motel, a second S C^^ZS S ""T * ^ 

m contact with and separating the first and second electrodes S . 7 3nd 3 " elec,ro *« 

thereby plating the surface of the first electrode with sa d ifmeS Sh fe ^nZlf^ T"" l ° 1,16 Ce "' 
electrode to the surface ofthe first electrode fhro..nhth a rL7TJ T. 1 18 trans,err « 1 as 'ons from the second 
in me thickness of the CelSrot^ 

thereby reducing the alkali metal dendrite foZtSn ' ' nCreaSeS ^ intema ' pressu ' e in *° ce «- 

ofal w^esfe^ 
po =P ar™^ 

SSS .^SS^ * - non-^o- sofvent hav»g 

KJnS 

thickness of the secc^ "electrode th ' CkneSS °' ,h ° ,,rSt e,9C,rode is «»»Werably lower than the 

DETAILED DESCRIPTION OF THE INVENTION 

14, a non-conductive microporous sepSoV 16^^ 

metal oxide. The Ifthiated metal oxide c^ be a Hfh^f«H ^ h If" 88 311 alum,num net supporting a lithiated 

netting. Alternatively, th TeSoMe an^he ^onSn^t 1 ' aPP "° d Mndir PfeSSUre t0 bo,h surfaces °< such 

in-situ during charging of the cel. in whS L a^TJaSSi ^ " ^ ^ Pre,ef3b,y ,ithiUm ' iS pla,ed 
^ HncTcte^ 

EsHnVoTpa^^^ - 3 " d ™^ ra bty 

« advantageous mechanical proSStaTsuch IfntekeTc^T 8 1,18 ? ^ ° f pri ° r art anodes - Tha 
mer make it possible to use foils of only^c* K He Tu i u^ f J*" 8nd e,eCtr0niC COndU * 8 P o| V 
area. For examp,e. there were tried iLtl i^^ 

at comparatively high current durina a short C h am » tim* c, TJiT .u 400c "* 311(1 such c a»s can be charged 

foil which is considerably Jckr^^ me COpper ,oil is ,ess ex P°"sive than a lithium 

« yielding high capacity and energy ^ f ° r 3 ^P^'V «hi<=ker cathode. This results in cel. 

of cel.. in order to fabricate suchTce! tor £Smp. ^SS^SS^i^ Th" " ^ " aPP ' iCab ' e l ° *■» 
as nickel plated steel is used as the cell housS ^ J? h ^ .J^ made " y 3ny Wrapriate material such 
layer of any of the foi.s deStoeS TaSL to^e 2 the «S2 US iT*' '* °' 3 

porous separator and a layer of a lithium based catnS, Th Z ^ f PP J ° f ,he P ermeab,e non«onductive 

Khe'toOwT^^ 

is no need to seclude the anode Z me adhere ^ ' ,,h,Um b * W Ch3r9ing ' 3nd theretore *•» 

anode, and by this process Hthium aSri^KKSK!; 
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Typically, the lithium layer would be 5 to 10 urn (microns). Consequently, the overall thickness of the anode increases 
and this leads to an increase of the entire stack, and as this stack is confined in a case, the cell housing, internal 
pressure increases between the components. This pressure increase reduces dendrite formation. This minimizes the 
excess of lithium required and thus cell safety and overall energy obtainable from such cells are improved. 
[0025] The following examples illustrate, but do not limit, certain aspects of the present invention. 



EXAMPLE 1 



[0026] An AA size test cell was fabricated using the following components: 
[0027] A copper foil 15 microns thick was used as the anode support. 

[0028] The cathode is made of LiCo0 2 pressed on both sides of aluminum foil support. Five weight percent qraphite 
was used as a conductive material, and PVDF as binder 

[0029] Microporous polypropylene, "Celgard" type 3402 separating and disposed between the anode and the cath- 
ode. 1 Molar LiAsF 6 in a mixture of 1 ,3-dioxolane and tetrahydrofuran (THP) was used as an electrolyte 
[0030] The cell stack (the anode support, separator and the cathode) was assembled in a spiral wound configuration 
and inserted into a can made of nickel plated steel. The cover was hermetically sealed to the can by plasma welding 
The electrolyte was introduced to the cell through a 1 mm opening in the can bottom. This was followed by resistance 
welding. 

[0031] The thickness of the anode support was 1 5 microns, its width 40mm and its length 550mm. The cathode had 
the same width and length as the anode, but its thickness was much higher, 180 microns. This results in a potential 
electrode area of 440cm 2 . 

[0032] About 1 hour after filling the electrolyte cell open circuit voltage (hereafter OCV) stabilized at a value of 
0.32vort. 

[0033] The cell was charged by an average current of 250mA During charging cell voltage increased rapidly reaching 
a value of 3.9V in 5 minutes. The cell reached a 4.1 volt cut-off value after 5.5 hours. The cell was discharged under 
a current of 250mA giving a capacity of 1 .2Ah to 3.4 volt cut-off (at least 95% depth of discharge, hereafter DOD) The 
average working voltage was 3.8V. This lead to an energy density of more than 500Wh/L After 10 deep charge/dis- 
charge cycles (at least 95% DOD) cell capacity decreased to 930mAh. Cell capacity was above 830mAh after 30 cycles. 

30 COMPARATIVE EXAMPLE 

[0034] A controlled AA size cell having 4 fold excess of lithium metal was constructed. The width of the anode and 
the cathode was 40mm as in the cell of Example 1 . The anode, however, was significantly thicker, 170 \xm (microns) 
_ in comparison to only 1 5 urn (microns) in the cell of Example 1 . The length of the cathode and the anode was 270mm' 
35 Therefore the electrode surface area was 21 6 cm 2 . 

[0035] The cell was charged and discharged at a current of 250mA as in the case of the test cell. In the first discharge 
cycle the cell delivered only 640mAh. Cell capacity decreased to 450mA after 10 cycle. The cell was internally shorted 
during the charge process of cycle 24. This shorting occurred most likely due to the high charging current density which 
was 1 . 1 Bm A/cm 2 in the control cell, in comparison to 0. 57m A/cm 2 in the cell of Example 1 . 



EXAMPLE 2 



[0036] A cell was made as the cell of Example 1 , except that the anode support was made of a nickel foil 25 urn 
(microns) thick, and the cathode thickness was 1 70 uxn (microns). 

[0037] The cell was charged and discharged under the same profile as in Example 1 . In the first discharge cycle cell 
capacity was 1 . 1 Ah. This value gradually decreased to 0.95Ah after 1 0 cycles. 



EXAMPLE 3 



[0038] A cell was made as the cell of Example 1 except that the anode support was made of 15 microns copper 
coated with 3 ujti (microns) of nickel on each side. The cell OCV was 0.35V. The cell was charged and discharged 
under the same profile as in Example 1 giving a capacity of 1 . 1 Ah in the first discharge cycle. Capacity decreased to 
a value of 0.8Ah after 1 0 cycles. 

ss EXAMPLE 4 

[0039] A cell was made as the cell of Example 1 except that the cathode contained LiNiC^ as active material Open 
cell circuit potential was 0.75 Volt. Under the same charge/discharge regime as in Example 1 the cell delivered 0.95Ah 



4 



EP 0 689 260 B1 



10 



20 



25 



in the first cycle, a value that decreased to OTOAh after 1 0 cycles. 
EXAMPLE S 

EXAMPLE 6 

« EXAMPLE 7 

EXAMPLE 8 

[0043] A cell was made as the cell of Example 1 except that the electrolyte was 1 O Molar of i ifio ■ ^ 
propyi e necartx 5 nate(PC)anddiethylcarbonate(DEC).T^ 

fn^!, 8a r rS9ime ° f B " mpte 1 • except that *• cut ^« <=narge voltage was 4 2V 9 d.scharged 

[0044] The cel. delivered 1 25Ah in the first discharge. Cel. capacity decreased to 0.60Ah at the 1 0th cycle. 

EXAMPLE 9 

30 [ ^ c ^it^::z^ 01 Examp,e 1 - - — ««i A ^ mim Pbting 

EXAMPLE 10 

& [0046] A laboratory type cell (Y. Geronov et al. J. of Electrochemical Society 1 37 M 99m aqam wae faKrJ # . 
EXAMPLE 11 

ESS! ?"? k bSlOW summarizes experimental conditions and results of the above Examples 1 - 11 
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(^Example 


Anode 


Cat hod o 

van iuuo 


ClttuilUly lo 


ootveni 


UCV (V) 


Charge 

cutoff 

Vottage 


Capacity 
(Ah) 1st 
cycle 


Capacity 
(Ah) 10th 
cycle i 


1 


Cod oar 


LiCoOg 


1 iAcP 
LIMSrg 


i O 

1 ,o 

dioxolane 
THF 


0.32 


4.1 


1.2 


0.93 


2 


Nickel 


LiCo0 2 


1 i'AqP 


i , J 

dioxolane 
THF 


0.40 


4.1 


1.1 


0.95 


3 


Nickel 
plated on 
copper 


LiCo0 2 


1 iAcF 


dioxolane 
THF 


0.35 


4.1 


1.2 


0.80 


II 4 


Hnnnor 




1 iAeC 


dioxolane 
THF 


0.75 


4.1 


0.95 


0.70 


I 5 


Nickel 






1 ,0 

dioxolane 
THF 


0.60 


4.1 


1.0 


0.90 


6 


Copper 


LiMn 2 0 4 


LiAsF 6 


1.3 

dioxolane 
THF 


0.70 


4.1 


0.85 


0.80 


7 


Copper 


LiCoQ 2 


LiBF 4 


1.3 

dioxolane 
THF 


0.35 


4.1 


1.20 


0.85 


8 


Nickel 


LiCoO z 


LiCI0 4 


PC DEC 


0.40 


4.2 


1.25 


0.60 


9 


Copper 


LiCo0 2 


LiAsF 6 


1.3 

dioxolane 
THF 


0.38 j 


4.1 


0.9 




10 


Copper 


LiCo0 2 


PVC/PC 


LiCI0 4 


0.30 


4.05 


0.0003 




11 


Copper 


LiCoQ 2 


PVC/PC 


LiCI0 4 


0.30 


4.05 







40 Claims 

1. A rechargeable electrochemical cell (10) comprising: 

a first electrode (12) capable of reversibly incorporating a layer of an alkali metal on a surface thereof; 

45 a second electrode (18) capable of reversibly incorporating therein alkali metal ions; and 

an electrolyte (14) in contact with and separating the first (12) and second (18) electrodes, characterised in 
that the cell is in an uncharged state and the first electrode (12) is made of copper, nickel, stainless steel or 
an electron conducting polymer, or is made of a metal coated with copper, nickel, stainless steel, chromium 
or gold and in that in use a layer of the alkali metal is plated on the surface of the first electrode (12) during 

so charging, whereby the internal pressure in the cell (1 0) is increased such that alkali metal dendrite formation 

is reduced. 

2. A rechargeable cell according to claim 1 , wherein the alkali metal consists essentially of lithium. 

55 3. A rechargeable cell according to claim 1 or claim 2, wherein the electrolyte (14) is either a non-aqueous solvent 
having therein a salt of said alkali metal or a solid ion conducting polymer. 

4. A rechargeable cell according to any one of the preceding claims and further comprising a porous non-conductive 
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separator (16) separating the first (12) and second (18) electrodes. 

s ' £ SS« ^SS? to "* one of ,he precedin9 cbims - " h ~ h the thickness of *• firs « electrade < 1 2 > 

6. A rechargeable cell according to claim 3, wherein the nonaqueous solution is LiAsF 6> LiBF 4 or LiCI0 4 . 

7. A rechargeable cell according to any one of the preceding claims, wherein the thickness of the first electrode (12) 
is considerably lower than the thickness of the second electrode (18). eiecirooe (12) 

8. A method of making a rechargeable electrochemical cell (10) comprising the steps of: 

assembling within a cell housing (20) a first electrode (12) having a surface substantially free from an alkali 
metal, a second electrode (18) incorporating ions of said alkali metal therein and an electrolyte (i^n contec 
with and separating the first (1 2) and second (1 8) electrodes- and 

^T a ', e,eCt f riCal T T&nt t0 ^ C8 "' * ereby pI * tin 9 ,he surfaca °» first electrode with said 

lTt£ TT H S 1?T 38 L 005 ,r0m ,he SeCOPd e,ectrode (18 > fo the surface °' the first electrode 
through the e ectrolyte (14), the method being characterised in that the increase in the thickness of the firet 
electrode 12 due to the plating of the alkali metal increases the internal pressure in the cel. 00) hereJv 
reducing alkali metal dendrite formation. 1 ' inereoy 

9. A method according to claim 8, wherein said alkali metal consists essentially of lithium. 

1 °" ^S, a ri din H t0 , C,ai H l 0r ., Claim 9 ' com P" si "3 fo ^"atheelectrolyte (14) either as a nonaqueous solvent 
having therein a salt of said alkali metal or as a solid ion conducting polymer. 

11. A method according to any one of claims 8 to 10, comprising forming the cell wherein a porous non^onductive 
porous separator (16) separates the first (12) and second (1 8) electrodes. non-conauctive 

12 ' £ «n!I? hlv rd l n9 1° C,a i m 8 ;, Wherein ,he assemb * ,n the cell housing contains a first electrode (12) comprising 
fo^Sn - I,kes,ruc,u ^ 0 a ^.ch is essentially f ree of lithium, a second electee (18) incorporating Hthium 
ions therein, a non -conductive porous separator (16) therebetween and a non-aqueous electrolyte7l4) in contact 
with the first (12) and second (18) electrodes and the separator (16). eciroiyie (14) in contact 

k 13. Amemodaccordingtoanyoneofclaims8to12,vvhereinthesunaceofmefirstelectrode(12)isaconductingmetal. 

1S - t^^s^sTc^;: ^ ^ ,he first electrode (12) b made of a metai — «* 

16 " polymef aCCO,din9 10 ^ ^ ° f ^ 8 * 1 * ^ e ' eC,r0de (12) is made of an elect ™ conducting 

1 7. A method according to any one of claims 1 2 to 1 6, comprising forming the electrolyte (1 4) either as a non-aoueous 
solvent having therein a saft of lithium or as a solid ion conducting polymer. non-aqueous 

« ^cronT rdin9 10 ^ °' C ' aimS 8 ,0 Wh8fein flfSt e,eC,r0dS 02) h3S 3 thiCkneSS ° f fr0m 5 10 50 

19. A method according to claim 10 or claim 12, wherein the non-aqueous solution is LiAsF 6 , LiBF 4 or LiCI0 4 . 

ss PatentansprOche 

1. Wiederaufladbare elektrochemische Zelle (10), umfassend: eine erste Elektrode (12), die an ihrer Oberflache eine 
Schich, ernes AlkaHmetalls reversibe. inkorporieren kann; eine Z we«e Elektrode (18), die in ill Tnnemn aS 
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metallionen reversibel inkorporieren kann; 
und 



einen Elektrolyten (14), der mlt der ersten (12) und zweiten (18) Elektrode in Kontakt ist und diese trennt 
dadurch gokennzelchnet, da8 die Zelle im ungeladenen Zustand ist und die erste Elektrode (12) ausKupfer 
Nickel, Edelstahl oder e.nem elektronenleitenden Polymer besteht Oder aus einem mit Kupfer, Nickel Edelstahl 
Chrom Oder Gold beschichteten Metall besteht, und da8 im Betrieb wahrend des Ladens eine Schicht des Alka- 
hmetalk ; aul <der Oberflache der ersten Elektrode (12) galvanisch abgeschieden wird, wobei der Innendruck in der 
Zelle (10) erhoht wird derart, da8 eine Dendritbildung des Alkalimetalls reduziert wird. 

2. Wiederaufladbare Zelle nach Anspruch 1, 

bei der das Alkalimetall im wesentlichen aus Lithium besteht. 

3. Wiederaufladbare Zelle nach Anspruch 1 oder 2, 

bei der der Elektrolyt (1 4) entweder ein nichtwassriges Ldsungsmittel, das ein Salz des Alkalimetalls enthalt oder 
em lonenlertender Festkorperpolymer ist 

4. Wiederaufladbare Zelle nach einem der vorangehenden AnsprOche, die femer einen porosen nichtlertfahigen Se- 
parator (16) enthalt, der die erste (12) und zweite (18) Elektrode trennt. 

5. Wiederaufladbare Zelle nach einem der vorangehenden AnsprOche, bei der die Dicke der ersten Elektrode (1 2) 
5 bis 50 pm (Mikron) betragt. 1 ' 

6. Wiederaufladbare Zelle nach Anspruch 3, 

bei der die nichtwassrige Losung LiAsF 6 , LiBF 4 oder LiCI0 4 ist. 

7. Wiederaufladbare Zelle nach einem der vorangehenden AnsprOche, bei der die Dicke der ersten Elektrode deutlich 
niedriger als die Dicke der zweiten Elektrode (18) ist. 

8. Verfahren zum Herstellen einer wiederaufladbaren elektrochemischen Zelle (10), mit den Schritten: 

Zusammenstellen, in einem Zellengehause (20), einer ersten Elektrode (1 2) mit einer von Alkalimetall im we- 
sentlichen freien Oberflache, einer zweiten Elektrode (18), die lonen des Alkalimetalls inkorporiert hat und 
ernes Elektrolyten (14), der mit der ersten (12) und zweiten (18) Elektrode in Kontakt ist und diese trennt'- und 
Anlegen eines au&eren elektrischen Stromes an die Zelle und dadurch galvanisches Beschichten der Ober- 
flache der ersten Elektrode mit dem Alkalimetall, welches in Form von lonen von der zweiten Elektrode (18) 
zur Oberflache der ersten Elektrode durch den Elektrolyten (14) QberfOhrt wird, wobei das Verfahren dadurch 
gokennzelchnet ist, 

daG die Dickenzunahme der ersten Elektrode (12) aufgrund des galvanischen Abscheidens des Alkalimetalls 
den Innendruck in der Zelle (10) erhoht und dadurch die Dendritbildung des Alkalimetalls reduziert. 

9. Verfahren nach Anspruch 8, 

bei dem das Alkalimetall im wesentlichen aus Lithium besteht. 

10. Verfahren nach Anspruch 8 oder 9, 

bei dem der Elektrolyt (14) entweder als nichtwassriges Ldsungsmittel, das ein Salz des Alkalimetalls enthalt oder 
als lonenlertender Festkorperpolymer gebildet wird. 

11. Verfahren nach einem der AnsprOche 8 bis 10, 

bei der die Zelle so geformt wird, daB ein poroser nichtleitfahiger Separator (16) die erste (12) und zweite 
Elektrode trennt ' 1 ; 

12. Verfahren nach Anspruch 8, 

bei dem die Anordnung in dem Zellengehause eine erste Elektrode (1 2) mit einer sandwichartigen Struktur eines 
im wesentlichen Irthiumfreien Films, eine zweite Elektrode (18), in der Lithiumionen inkorporiert sind einen dazwi- 
schen angeordneten nichtleitfahigen porosen Separator (16) und einen nichtwassrigen Elektrolyten (14) in Kontakt 
mit der ersten (12) und zweiten (18) Elektrode und dem Separator (16) enthalt. 

13. Verfahren nach einem der Ansp.uche 8 bis 12, 
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bei dem die Oberflache der ersten Elektrode (12) ein leitfahiges Metall ist. 

14. Verfahren nach einem der AnsprOche 8 bis 13, 

bei dem die erste Elektrode (12) aus einem aus Kupfer, Nikkei und Edelstahl ausgewahlten Material besteht. 

15. Verfahren nach einem der AnsprOche 8 bis 13, 

bei dem die erste Elektrode (12) aus einem mit Kupfer, Nikkei, Edelstahl, Chrom oder Gold beschichteten Metall 
besteht. 

16. Verfahren nach einem der AnsprOche 8 bis 12, 

bei dem die erste Elektrode (12) aus einem elektronenleitenden Polymer besteht. 

17. Verfahren nach einem der AnsprOche 12 bis 16, 

bei dem der Elektrolyt (14) entweder als ein nichtwassriges Losungsmittel, das ein Lithiumsalz enthalt Oder als 
ionenleitender Festkorperpoiymer gebildet wird. 

18. Verfahren nach einem der AnsprOche 8 bis 17, 

bei dem die erste Elektrode (12) eine Dicke von 5 bis 50 urn (Mikron) hat. 

19. Verfahren nach Anspruch 10 oder 12, 

bei dem die nichtwassrige Losung LiAsF 6 , LiBF 4 oder LiCI0 4 ist. 



Revendications 



1. Cellule electrochimique rechargeable (10) comprenant : 

une premiere electrode (12) qui peut incorporer de maniere reversible une couche d'un metal alcalin sur une 
surface de I'Electrode, 

une seconde Electrode (18) qui peut incorporer de maniere reversible des ions de metaux alcalins et 
un Electrolyte (14) place au contact de la premiere (12) et de la seconde (18) electrode et les separant, 

caracterisee en ce que la cellule est a un etat non charge et la premiere electrode (12) est formee de cuivre 
de nickel, d'acier inoxydable ou d'un polymere conducteur d'Electrons, et est formee d'un metal revetu de cuivre* 
de nickel, d'acier inoxydable, de chrome ou d'or, et en ce que, pendant I'utilisation, une couche de mStal alcalin 
est departs a la surface de la premiere electrode (12) pendant la charge, si bien que la pression interne de la 
cellule (10) augmente afin que la formation de dendrites de metaux alcalins soit reduite. 

2. Cellule rechargeable selon la revendication 1 , dans laquelle ie metal alcalin est essentiellement le lithium. 

3. Cellule rechargeable selon la revendication 1 ou 2, dans laquelle I'electrolyte (14) est un solvant non aqueux 
contenant un sel d'un mEtal alcalin ou un polymere solide conducteur d'ions. 

4. Cellule rechargeable selon I'une quelconque des revendications precedentes, comprenant en outre un separateur 
non conducteur poreux (16) separant la premiere electrode (12) de la seconde (18). 

5. Cellule rechargeable selon I'une quelconque des revendications precedentes, dans laquelle I'epaisseur de la pre- 
miere Electrode (12) est comprise entre 5 et 50 urn. 

6. Cellule rechargeable selon la revendication 3, dans laquelle la solution non aqueuse est LiAsF 6 , LiBF 4 ou LiCI0 4 . 

7. Cellule rechargeable selon I'une quelconque des revendications precedentes dans laquelle I'epaisseur de la pre- 
miere electrode (12) est considerablement inferieure a I'epaisseur de la seconde Electrode (18). 

8. Precede de fabrication d'une cellule electrochimique rechargeable (10) comprenant les Etapes suivantes : 

['assemblage, a I'interieur d'un boTtier de cellule (20), d'une premiere electrode (12) ayant une surface prati- 
quement depourvue d'un metal alcalin, d'une seconde electrode (18) incorporant des ions du metal alcalin et 
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d'un Electrolyte (14) place au contact de la premiere electrode (12) et de la seconde electrode (18) et separant 
celles-ci, et 

Implication d'un courant electrique exterieur a la cellule, si bien que la surface de la premiere electrode est 
revetue du metal alcalin qui est transfer* sous forme d'ions de la seconde electrode (18) a la surface de la 
premiere electrode par I'intermediaire de Electrolyte (14), ie precede etant caracterise en ce que I'augmen- 
tation de I'epaisseur de la premiere Electrode (1 2) due au depdt du metal alcalin augmente la pression interne 
de la cellule (1 0) et reduit ainsi la formation de dendrites de metal alcalin. 

9. Procede selon la revendication 8, dans lequel le metal alcalin est essentiellement constitue de lithium. 

10. Precede selon la revendication 8 ou 9, comprenant la formation de I'electrolyte (14) sort sous forme d'un solvant 
non aqueux contenant un sel d'un mStal alcalin soit sous forme d'un polymere solide conducteur ionique. 

11. Precede selon I'une quelconque des revendications 8 a 10, comprenant la formation de la cellule dans laquelle 
un separateur non conducteur poreux (16) separe la premiere electrode (12) de la seconde (18). 

12. Precede selon la revendication 8, dans lequel I'ensemble place dans le boTtier de la cellule contient une premiere 
electrode (12) qui comprend une structure analogue a un sandwich d'un film qui est essentiellement depourvu de 
lithium, une seconde electrode (18) qui contient des ions lithium, un separateur poreux non conducteur (16) place 
entre elles et un electrolvte non aqueux (14) place au contact de la premiere electrode (12) et de la seconde 
electrode (18) et du separateur (16). 

13. Procede selon I'une quelconque des revendications 8 a 12, dans lequel la surface de la premiere electrode (12) 
est un metal conducteur. 

14. Precede selon Tune quelconque des revendications 8 a 1 3, dans lequel la premiere electrode (1 2) est formee d'un 
materiau choisi parmi le cuivre, ie nickel et racier inoxydable. 

15. Procede selon Tune quelconque des revendications 8 a 1 3, dans lequel la premiere electrode (1 2) est formee d'un 
metal revetu de cuivre, de nickel, d'acier inoxydable, de chrome ou d'or. 

1 6. Proce de selon I'une quelconque des revendications 8 a 1 2, dans lequel la premiere electrode (1 2) est formee d'un 
polymere conducteur d'electrons. 

17. Procede selon I'une quelconque des revendications 1 2 a 1 6, comprenant la formation de I'electrolyte (14) soit sous 
forme d'un solvant non aqueux contenant un sel de lithium soit sous forme d'un polymere solide conducteur ionique. 

18. Proceed selon I'une quelconque des revendications 8 a 1 7, dans lequel la premiere electrode (1 2) a une epaisseur 
comprise entre 5 et 50 u/n. 

19. Proced6 selon la revendication 10 ou 12, dans lequel la solution non aqueuse est LiAsF 6 , LiBF 4 ou LiCI0 4 . 
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FIG.l 
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